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Fig. 1. A novel method of pylorus occlusion and surgical procedure.Duodenal injury is uncommon but may have fatal results if not
managed properly. However, a preoperative diagnosis of blunt
duodenal injurycanbeverydifﬁcult tomake.Delays indiagnosis can
thenmake surgical managementmore complex, andmorbidity and
mortality can increase. The pyloric exclusion procedure introduced
by Vaughn16 in 1977 has been recommended in selected patients
with complicated duodenal injury because it decreases the
morbidity associated with dehiscence and ﬁstula formation.10
However, current thinking suggests this approach may be too
aggressive and similar outcomes can be achievedwith less complex
surgery. Here, we introduce our novel simple method of pyloric
exclusion for patients with retroperitoneal duodenal injuries after
blunt trauma, whose diagnoses were delayed for more than 24 h.
1. Materials and methods
Our procedure for blunt retroperitoneal duodenal injuries (BRDI)
was performed as follows (Figs. 1 and 2): (1) The erosion and
necrosis of the retroperitoneum were thoroughly cleared by the
Cattell and Kocher manoeuvres. (2) The novel method of pyloric
exclusion was a transﬁxion suture with non-absorbable 7# silk
suture or absorbable Dexon. (3) The common bile duct was drained
by a T tube. (4) Gastrostomy, jejunostomy and Ostomy of T tube in
duodenum were performed respectively. Drains were placed at the
following regions: pelvic cavity, subhepatic, paraduodenal, right
paracolic sulcus and retroperitoneum, respectively.
From 2002 to 2008, three patients suffered BRDI after trauma or
ERCP with a delayed diagnosis of more than 24 h and were treated
in our hospital by the above described methods.Fig. 2. The surgical procedure for case 3, the pylorus was transﬁxion sutured with
absorbable Dexon.
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Table 1
The clinical characteristics of the three patients.
No. 1 No. 2 No. 3
Gender Male Female Female
Age 45 28 46
Cause of injury Trauma Trafﬁc accident ERCP
Period of incubation 12h 3 days 14h
Symptoms
Abdominal pain + +/ +++
Nausea +/ + ++
Vomit   +
Physical signs
Abdominal tenderness +/ +/ +
Rebound and
muscle guarding
+/ +/ +
Bowel sound Diminished Active Absent
Ascites   +
HR 110 95 120
BP 110/90mmHg 110/75mmHg 130/95mmHg
Fever (8C) 38.6 38.3 39
AparchII 17 12 20
Fig. 3. Abdominal CT scan showed periduodenal oedema and retroperitoneal air
collection in case 1.
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All patients experienced the classic course of events and the
periods of delay were 12 h to 3 days. Please refer to the major
clinical characteristics in Table 1.
Laboratory tests showed no meaningful changes. The imaging
examinations, including ultrasound and abdominal plain ﬁlms,
were normal during the early stage and there were no speciﬁc
changes in the later period. Diagnostic peritoneal aspiration (DPA)
also had no positive ﬁndings. All three patients were ﬁnally
diagnosed by way of CT scan (Table 2; Figs. 3–7).
All patients underwent gastrostomy for the drainage of gastric
juice, jejunostomy for postoperative enteral nutrition and duode-Table 2
The results of the image tests and lab examination on the three patients.
No. 1 No. 2
Lab examination
Hb (I/P) 13.4/14.6 12.1/12.6
Hct (I/P) 38.5/43.6 34.5/35.2
WBC (I/P) 11.7/14.8 8.9/12
Amy (I/P) 78/89 88/135
ALT (I/P) 28/35 33/29
Tbil (I/P) 0.9/1.2 0.9/0.8
Image tests
BUS
Initial Normal Normal
Preop Flatulence Flatulence
The X-raya
Initial Normal Normal
Preop Gaseous distention of
the intestine with ﬂuid
level in the right upper
abdomen
Gaseous dist
of the intest
ﬂuid level in
upper abdom
DPA
Initial Nothing Nothing
Preop Nothing Nothing
CT scan
Time 22h 3 days
Results Periduodenum and
retroperitoneum oedema
and inﬂammation, which
spread down to the entrance
of the pelvic cavity (Figs. 3 and 4)
Periduodenu
retroperiton
and inﬂamm
spread down
of the pelvic
I/P: initial/preoperational; DPA: diagnosis peritoneal aspiration; N/A: not applicable.
a Abdominal plain ﬁlm.nal drainage for decompression. T-tube drainage of the common
bile duct was used for the same purpose. However, in case 1, the
patient’s CBD was only 0.3 cm in diameter making it difﬁcult to
place the T tube, and leading to stricture of CBD. The stricture of
CBD caused by the T tube was complex and difﬁcult to resolve.
Therefore, the CBD was ligated and cholecystostomy was
performed. The result was similar to the standard procedure. Case
2 had a duodenal ﬁstula because the rupture of the ampulla wasNo. 3
12.8/14.7
33.6/42.2
10.2/16.3
398/>1200
49/93
1.4/1.8
N/A
Flatulence and peritoneal exudates
Normal
ention
ine with
the right
en
Gaseous distention of the entire
intestine with ﬂuid level
N/A
N/A
18h
m and
eum oedema
ation, which
to the entrance
cavity (Figs. 5 and 6)
Retroperitoneal oedema of the
duodenum surrounding, swelling of
the pancreas, peri-pancreas exudates (Fig. 7)
Fig. 4. The oedema and erosion of the retroperitoneum spread down to the entrance
of the pelvic cavity in case 1.
Fig. 5. Abdominal CT scan showed periduodenal oedema and retroperitoneal liquid
collection in case 2.
Fig. 6. The oedema and erosion of the retroperitoneum spread down to the entrance
of the pelvic cavity in case 2.
Fig. 7. Abdominal CT scan showed periduodenal oedema and retroperitoneal liquid
collection in case 3.
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washing and draining for 2 months. All patients recovered
uneventfully and were followed up for 2–7 years, with all of
them now having returned to normal life and work (see Table 3).
3. Discussion
Duodenal injury is uncommon with an occurrence rate of 3–5%
in all abdominal injuries2,11,18 and just 20–25% of those are blunt
injury.5 Due to the anatomical location of the duodenum, BRDI is
difﬁcult to diagnose and presents special surgical problems. It
represents a continuous challenge to the surgeon’s ability to make
and early diagnosis and to provide adequate management when
the diagnosis has been delayed.The high-risk injuries are related to associated pancreatic or
common bile duct injury, blunt or missile injury, involvement of
more than 75% of the duodenal wall, injury of the ﬁrst or second
part of the duodenum, and time interval between injury and repair
of more than 24 h15. These high-risk lesions associate with an
increased likelihood of dehiscence of the duodenal repair.
Duodenal diversion and pylorus exclusion are the usual choices
for these high-risk duodenal injuries. The purpose of duodenal
diversion and pylorus exclusion is to prevent the gastric juice from
ﬂowing into the duodenal to reduce the loading of the duodenum
and to decrease the activation of digestive enzymes. Stone and
Table 3
The operative procedures and post-operation process of the three patients.
No. 1 No. 2 No. 3
Time from injury to OR 26h 3 days 25h
Laparotomy
Position of injury Juncture of D2\D3 D2 Ampullar region
Combination injury No Pancreas Acute necrosis pancreatitis
The extent of oedema and
erosion of the retroperitoneum
Right retroperitoneal down
to the entrance of the pelvic cavity
Right retroperitoneal down
to the entrance of the pelvic cavity
Right retroperitoneal down
to the entrance of the pelvic cavity
Grade of AAST III III IV
Operative procedures
Bile drainage Cholecystostomy, CBD ligation T tube T tube
Gastrostomy Yes Yes Yes
Jejunostomy Yes Yes Yes
Duodenal decompression Yes Yes Yes
Pyloric suture Unabsorbable silk Unabsorbable silk Absorbable Dexon
Duodenal injury repair Yes Yes No
Retroperitoneal complete clearing Yes Yes Yes
Post-operation process
Reopening time of pylorus 68 62 36
Complication No No Duodenal ﬁstula (the rupture unrepaired)
Reoperation Cholecystectomy and bile duct repair No No
Jejunum feeding time 62 60 58
Hospitalisation time 75 70 83
Cost 13 thousands USD 8.5 thousand USD 31 thousand USD
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decompression of the duodenum.14 However, a jejunostomy tube
could not properly decompress the duodenum.6,8 The typical
methods of duodenal diversion and pyloric exclusion were
described by Berne et al.3 and Vaughn et al.16 Their methods
were extensive procedures and may be inappropriate for the
haemodynamically unstable patient or the patient with multiple
injuries. Resection of a normal distal stomach should not be
considered unless there is a large amount of destruction and tissue
loss, and no other choice. In addition, the gastrojejunostomy may
not be a rational method because it was not a physiological path,
and marginal ulceration has been reported in 5–33% of
cases.16,4,7,13 In addition the continuity of the gastrointestinal
tract will be re-established in several weeks after pyloric
exclusion.16,3,7
The novel method of pyloric exclusion introduced here for our
three patients was simpler and more efﬁcient. The pylorus
transﬁxion with non-absorbable or absorbable suture sponta-
neously reopened after 1–2 months or so. This was sufﬁcient for
healing of the duodenal injury or secondary ﬁstula. This method of
our pyloric exclusion has not been described before and the
preliminary results show good prospects.
The complication rate after duodenal rupture is between 38%
and 72.5%.3,5,17,18 Infection and abscess are the most frequent
complications. The complications associated with the duodenum
are about 0–15%.1,9,11,17 Because the erosion and oedema spread
down to the pelvic cavity, the clearance of retroperitoneum should
be radical, even down to the pelvic cavity. Drainage of the pelvic
cavity, subhepatic, paraduodenal, right paracolic sulcus and
retroperitoneal regions should be adequate to avoid infective
complications. Total mortality from duodenal injury can be as high
as 30% and up to 40% for those diagnoses delayed for 24 h.2,12 For
our three cases, the simple pyloric exclusion was used and no
complication occurred.
4. Conclusions
The clinical manifestations of BRDI are speciﬁc and typical. The
‘period of incubation’ may lead to a delayed diagnosis of more than24 h. Rescanning is important especially when clinical manifesta-
tions change, suggesting the possibility of BRDI. The methods of
surgical management described here appear to be rational for
high-risk duodenal injuries especially when diagnosis is delayed.
References
1. Adkins Jr Rb., Keyser III JE. Recent experiences with duodenal trauma. Am Surg
1985;51:121–31.
2. Asensio J, FelicianoDV, Britt LD, KersteinMD.Management of duodenal injuries.
Curr Probl Surg 1993;11:1021–100.
3. Berne CJ, Donovan AJ, White EJ, Yellin AE. Duodenal ‘diverticulization’ for
duodenal and pancreatic injury. Am J Surg 1974;127:503–7.
4. Buck JR, Sorensen VJ, Fath JJ, Horst HM, Obeid FN. Severe pancreatico-duodenal
injuries: the effectiveness of pyloric exclusion with vagotomy. Am Surg
1992;58:557–61.
5. Carrillo EH, Richardson JD, Miller FB. Evolution in the management of duodenal
injuries. J Trauma 1996;40:1037–46.
6. Cogbill TH, Moore EE, Feliciano DV, Hoyt DB, Jurkovich GJ, Morris JA, et al.
Conservative management of duodenal trauma: a multicenter perspective. J
Trauma 1990;30:1469–75.
7. Fang JF, Chen RJ, Lin BC. Controlled reopen suture technique for pyloric exclu-
sion. J Trauma 1998;45(3):593–6.
8. Ivatury RR, Nassoura ZE, Simon RJ, Rodruigez A. Complex duodenal injuries.
Surg Clin North Am 1996;76:797–812.
9. Jansen M, Toit DFD, Warren BL. Duodenal injuries: surgical management
adapted to circumstances. Injury 2002;33(September (7)):611–5.
10. Jurkovich GJ, Bulger III EM. Management of speciﬁc injuries: 34 duodenum and
pancreas. In: Moore EE, Feliciano DV, Mattox KL, editors. Trauma. 5th ed.,
McGraw-Hill; 2004. p. 716–7.
11. Kelly Norton L. The continuing challenge of duodenal injures. J Trauma
1978;18:160–5.
12. Lucas CE, Ledgerwood AM. Factors inﬂuencing outcome after blunt duodenal
injury. J Trauma 1975;15(10):839.
13. Martin TD, Felicano DV, Mattox KL, Jordan Jr Gl.. Severe duodenal injuries.
Treatment with pyloric exclusion and gastrojejunostomy. Arch Surg
1983;118:631–5.
14. Stone HH, Garoni WJ. Experiences in the management of duodenal wounds.
South Med J 1966;59:864–7.
15. Synder WH, Weigelt JA, Watkins WL, Bietz DS. The surgical management of
duodenal trauma: precepts based on a review of 247 cases. Arch Surg
1980;115:422–9.
16. Vaughn III GD, Frazier OH, Graham DY, Mattox KL, Petmecky FF, Jordan GL. The
use of pyloric exclusion in the management of severe duodenal injuries. Am J
Surg 1977;134:785–9.
17. Velmahos G, Kamel E, Chan LS, Hanpeter D, Asensio JA, Murry JA, et al. Complex
repair for the management of duodenal injuries. Am Surg 1999;65(10):972–5.
18. Weigelt JA. Duodenal injuries. Surg Clin North Am 1990;70:529–39.
